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ABSTRACT
Introduction: Our objective was to evaluate the infl uence of rainfall regime on the population dynamics of Biomphalaria in a 
potential urban focus of schistosomiasis in Aracaju, Brazil, during 2009-2010. Methods: Snails were collected monthly and were 
counted, measured and identifi ed; the level of infection and fecal contamination at the sampling sites was determined; rainfall data 
were obtained. Results: High levels of fecal contamination were observed, and the abundance of Biomphalaria glabrata increased 
during the rainy and post-rainy seasons. The snails’ size was variable, and infected snails were identifi ed independently of rainfall. 
Conclusions: These results provide evidence of anthropogenic and climate interference in an urban focus of schistosomiasis in 
the Aracaju metropolitan area.
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Brazil has a high prevalence of schistosomiasis mansoni, 
which is endemic in 19 states. It is estimated that approximately 
eight million individuals are infected1. Freshwater snails of the 
genus Biomphalaria participate in the life cycle of Schistosoma 
mansoni, for which Biomphalaria glabrata is the most important 
vector species in northeastern Brazil2.
The establishment and maintenance of new transmission foci of 
the disease are related to poor socio-environmental conditions and 
the presence of Biomphalaria snails. Additionally, rural exodus and 
rural tourism combined with environmental changes have driven 
the urbanization of this parasitic infection. Belo Horizonte, Maceió, 
Salvador, Recife and Aracaju are among the Brazilian state capitals 
in which foci of schistosomiasis are present in urban areas3,4. 
The objective of this study was to evaluate the infl uence of 
the rainfall regime on the population dynamics of Biomphalaria 
sp. during the period 2009-2010 in a potential urban focus 
of schistosomiasis. The aim of this study was to obtain 
information that can be used to obtain grants for the effective 
planning and implementation of control measures for endemic 
schistosomiasis.
The municipalities of Nossa Senhora do Socorro and São 
Cristóvão are located in the Aracaju metropolitan area.
Collection sites were selected according to information 
provided by the Schistosomiasis Control Program. The snails 
were harvested between January 2009 and December 2010. The 
snail specimens were counted, and the diameter of the shell was 
measured at its widest point. A sample of four snails from each 
collection area was randomly chosen for identifi cation4.
After 48h, the collected snails were individually exposed 
to incandescent light to observe cercariae elimination. This 
procedure was repeated weekly for three consecutive weeks 
to determine the absence or presence of S. mansoni infection.
A water sample was taken at each collection point during 
the pre- and post-rainy periods. The levels of fecal and 
thermotolerant coliform bacteria were determined by the 
multiple-tube method and compared with the limits set by the 
Conselho Nacional do Meio Ambiente (CONAMA) Resolution 
3575 (freshwater considered fi t for bathing and leisure).
Precipitation data and rainfall patterns were obtained from 
the Secretary of Water Resources. The rainfall distribution is 
as follows: January, February and March are considered low-
rainfall months (the pre-rainy season); April, May, June and July 
are high-rainfall months (the rainy season); and the remaining 
fi ve months are low-rainfall months (the post-rainy season).
Analysis of variance (ANOVA) tests were performed at a 5% 
signifi cance level between the groups of snails collected during 
each rainfall period. The Tukey test was used to determine 
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TABLE 1 - Biomphalaria glabrata snails collected during 2009 and 2010. Prevalence of positive snails during the pre-rainy, rainy and post-
rainy seasons in the Parque dos Faróis residential area, municipality of Nossa Senhora do Socorro, State of Sergipe, Brazil, and the Baixa da 
Divinéia community, municipality of São Cristóvão, State of Sergipe, Brazil.
                        Positive total 
Municipality Year Rainfall patterns Collected total n %
Nossa Senhora do Socorro 2009 pre-rainy 1,152 17 1.5
  rainy 3,036 32 1.1
  post-rainy 2,543 24 0.9
 2010 pre-rainy 2,083 0 0.0
  rainy 1,924 65 3.4
  post-rainy 1,658 35 2.1
Total   12,396 173 1.4
São Cristóvão 2009 pre-rainy 99 3 3.0
  rainy 1,522 36 2.4
  post-rainy 2,175 28 1.3
 2010 pre-rainy 488 27 5.5
  rainy 1,194 38 3.2
  post-rainy 2,066 71 3.4
Total   7,544 203 2.8
signifi cant mean values. Pearson's correlation coeffi cient was 
applied to evaluate possible correlations between abundance 
and rainfall regime.
Both study sites are considered to be marginal slum areas; 
wastewater is dumped into ditches near houses, forming a 
network of open sewers. The snail vectors are fed and infected 
by waste released into ditches and form foci around residential 
dwellings. The fi rst area studied is located in the municipality 
of Nossa Senhora do Socorro, specifically, in the Parque 
dos Faróis residential, a location that is greatly affected by 
the Poxim River during the rainy season. The second area 
corresponds to the Baixa da Divinéia region in the municipality 
of São Cristóvão, and fl ooding occurred in the collection area 
during the rainy season.
Depending on their proximity to the water, small walkways 
made of wood or concrete slabs can retain the snails that have 
accumulated around them during rainfall; snails were collected 
from these ditches and streams. Evaluation of the internal 
structures of the snails allowed us to identify them as the species 
Biomphalaria glabrata.
The water analysis for the Parque dos Faróis residential 
area showed a total coliform index of 2.2x104 most probable 
number per 100ml (MPN/100ml) in the dry season and 7.9x105 
MPN/100ml during the rainy season, which are both greater 
than the recommended levels5. In the Baixa da Divinéia 
region, water analysis showed fecal coliform bacteria levels 
of 1.7x10² MPN/100ml during the dry season and 1.0x107 
MPN/100ml during the rainy season (the latter value is above the 
recommended level5). There was an increase in fecal coliform 
bacteria levels during the rainy season at both sampling sites.
Snails infected with S. mansoni were found at both study 
sites independent of rainfall patterns, with a higher prevalence 
in the municipality of São Cristóvão (Table 1).
In the municipality of São Cristóvão, 7,544 snails were 
collected, which was the largest number collected during the 
post-rainy season (Table 1 and Figure 1A). Although there 
was a tendency for snails to be more abundant in the rainy 
and post-rainy season, this correlation was not statistically 
signifi cant.
In the Parque dos Faróis residential area, we collected a 
total of 12,396 snails, and the number of snails collected during 
the 2010 pre-rainy season was almost double that collected in 
2009. Comparing the rainy and post-rainy seasons, we found 
that the number of snails collected was higher in 2009 for both 
seasons (Table 1 and Figure 1B). 
The differences between the diameters of snails collected 
in the Parque dos Faróis residential area during the pre-rainy/
rainy seasons in 2009 and the rainy/post-rainy seasons in 2010 
were not statistically signifi cant (p>0.05), but the diameters 
were signifi cantly different for the remaining rainfall seasons 
(p<0.05) (Figure 2A).
In the Baixa da Divinéia region, snail diameters also did not 
follow a discernible pattern (Figure 2B). Diameters during the 
2009 pre-rainy season were signifi cantly larger than in other 
seasons (p<0.05). 
Our collection of B. glabrata in these areas emphasizes the 
epidemiological importance of this species as one of the most 
important vectors of schistosomiasis along the northeastern 
coast of Brazil6.
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FIGURE 2 - Diameter in millimeters(mm) of the Biomphalaria glabrata snails collected 
according to the rainfall pattern from January 2009 to December 2010. A: Parque dos 
Faróis residential area, municipality of Nossa Senhora do Socorro, State of Sergipe, 
Brazil. B: Baixa da Divinéia community, municipality of São Cristóvão, State of 
Sergipe, Brazil.
FIGURE 1 - Total number of Biomphalaria glabrata snails collected and precipitation 
(mm3) during the rainy seasons from January 2009 to December 2010. A: Baixa 
da Divinéia community, municipality of São Cristóvão, State of Sergipe, Brazil. 
B: Parque dos Faróis residential area, municipality of Nossa Senhora do Socorro, 
State of Sergipe, Brazil.
The presence of fecal coliform bacteria shows that the 
collection areas are subject to contamination, likely due to a 
lack of sanitation. Moreover, the increase in fecal coliform 
bacteria in the two areas, especially during the rainy season, 
can be explained by overfl owing septic tanks. The presence 
of infected snails indicates that endemic schistosomiasis is 
established in both communities, strengthening the evidence for 
urban foci of schistosomiasis in the Aracaju metropolitan area. 
The decrease in the total number of snails and the total number 
of infected snails during the rainy season may be explained 
by the increased rainfall, which causes ditches to overfl ow, 
fl oods the streets and carries snails to distant locations. This 
phenomenon allows for the dispersal of infected snails, which 
can expose residents living outside known foci to S. mansoni 
and lead to the establishment of new foci3.
The snail population fl uctuated throughout the study period; 
the snails’ numbers normally peak during the rainy season, 
when washed-in snails appear and begin to reproduce, as has 
been noted by other authors2,7. During the study period, the 
number of snails was infl uenced by rainfall patterns, although 
other external factors, such as the cleaning of the ditches and 
canals by residents before and during the rainy season, may 
have altered the abundance of snails.
Data on the size of the schistosomiasis-transmitting snails 
are important for understanding population dynamics under 
natural conditions7,8 because smaller snails are more susceptible 
to S. mansoni infection.
The data presented in this report show that the diameter of 
the snails does not follow a particular pattern, which is most 
likely a result of human intervention and weather conditions. 
A tendency to fi nd smaller snails was observed during the rainy 
and post-rainy seasons, which can be explained by the high 
levels of reproduction observed during this period.
Schistosomiasis mansoni demonstrates an ability to expand 
in spite of control efforts; undoubtedly, the complex nature of 
establishing new foci is infl uenced by the interactions between 
humans and snail vectors and by the abiotic factors that clearly 
infl uence the population dynamics of Biomphalaria7.
Behavioral changes in Biomphalaria that are associated with 
its establishment in urban areas have been the primary cause of 
the spread of schistosomiasis. A lack of infrastructure, such as 
paved streets and sidewalks, enables the accumulation of water 
and the growth of vegetation, which create environments that 
support the proliferation of snails. A lack of sanitation leads 
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